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New activity funded by the ROSES-2013 call for
an Applied Science representative on the Aura
Science Team

Funded by the Applied Science Program
Inter-agency purchase request initiated in April 2014
CIMSS received funding in August, 2014

So.... We’re just beginning the project

Focus

Provide the air quality community with a multi-year global chemical and
aerosol reanalysis using NASA Aura and A-Train measurements.

Conduct regional chemical data assimilation experiments to quantify the
Influences in changes in NOx emissions on US air quality during the Aura period.
Collaborate with International, Federal, State and Local air quality management
communities in the utilization of the Aura and A-Train measurements and
reanalysis for air quality assessment activities.
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Bealtime Air Quality Medeling System

1. Online global chemical and aerosol assimilation/
forecasting system

2. UW-Madison sigma-theta hybrid coordinate model (UW-
Hybrid) dynamical core

3. Unified stratosphere/troposphere chemical prediction
scheme (LaRC-Combo) developed at NASA LaRC
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4. Aerosol prediction scheme (GOCART) developed by Mian
Chin (NASA GSFC).

5. Statistical Digital Filter (Ol) assimilation system developed
by James Stobie (NASA/GFSC)

20100413 O3 from P3 [Spackman] (solid) and RAQMS (dash)

i ‘°°WWJL¢HTW@W“‘] | 1 ]

228+ 248+ 2.6e+01 2Ba+01

i

-152.3 -153.0 -157.4 -155.2

401 50.5 611
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Satellite Retrievals _g Global Assimilation Regional Prediction . Validation

Bealtime Air Quality Medeling System

The RAQMS real-time assimilation/forecast system has been running continuously since
January 2012 (N Amer: http://ragms-ops.ssec.wisc.edu/, CONUS: http://ragms.ssec.wisc.edu/)

Aura Chemical Reanalysis assimilation configuration:

NOAA Grid-point Statistical Interpolation (GSI) 3D variational analysis of:

*Aura Microwave Limb Sounder (MLYS)
*03, H20, HCL, HNOS3, N20, and CO (?) profiles

*Aura Ozone Monitoring Instrument (OMI)
*Total Column (profile ?) O3, NO2, and HCHO (?)

*Aura Tropospheric Emission Spectrometer (TES) ™]

*03, CO, CH4, and N20 || Need to evaluate impact of reduction
In TES Global Survey sampling

*Aqua Atmospheric Infrared Sounder (AIRS)
*O3, CO, CH4, and N20O -

*Terra/Aqua Moderate Resolution Imaging Spectroradiometer (MODIS)
*Aerosol Optical Depth (AOD), fire detection
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Data Denial Experiments using
Aura, Terra, and Aqua retrievals

Field Mission Partner Air Quality Agency
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TEXAQS Total Column Ozone Timeseries August 01- October 15, 2006

Assimilation of OMI Total column ozone

RAQMS Column O3 OMI Column O3
Analysis Observations
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Assimilation of cloud-cleared OMI ozone column captures
observed mid-latitude temporal and latitudinal variations.

RAQMS analysis underestimates mid-September through
mid-October (Julian day 260-290) Antarctic ozone loss by
17%.

OMI October 15, 2006

100

Record breaking ozone loss
during October, 2006



Comparison of RAQMS NRT OMI analysis

with ozonesondes during TEXAQS
(373 sondes, August, 2006)
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Assimilation of OMI total column ozone
results in large high bias in upper
troposphere/ lower stratosphere

Pl: ANNE M. THOMPSON (GFSC)

RAQMS OMI+TES Tropospheric Ozone Column

(August 01-31, 2006)
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Comparison of RAQMS OMI+TES reanalysis
with ozonesondes during TEXAQS
(373 sondes, August, 2006)
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RAQMS OMI+TES Tropospheric Ozone Column
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© gdmonton, AB: : : : :
w :&e‘lgwm,_:EIG___&KQ‘L_‘L__....H%..SS;O.............E ______________ _ ________ _

E > N e

=abls I, N

............................... Ider, LR e
: : : ; ops s, VA

30 20 il dodm | =71 —80 -
Olt\n’i!l SN : : : :

o :

"iurbudos

S N L N :

Pierce, R. B., et al. (2009), Impacts of background ozone
production on Houston and Dallas, Texas, air quality during the
Second Texas Air Quality Study field mission, J. Geophys. Res.,
114, DOOF09, d0i:10.1029/2008JD011337.



Comparison of RAQMS NRT OMI+MLS reanalysis

Pressure (mb)

Prassure (mb)

with ozonesondes/aircraft during CalNex
(178 sondes, May-June, 2010)
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Assimilation of MLS+OMI O3
retrievals results in improved
agreement with airborne insitu O3
over Southern California during
CalNex

P1l: Owen Cooper (NOAA ESRL)
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Comparison of RAQMS NRT OMI+MLS analysis with
ozonesondes/aircraft during FRAPPE/DISCOVER-AQ

(42 sondes, July-August, 2014)
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Assimilation of MLS+OMI O3 retrievals
results in very slight (~1ppbv)
Improvement with airborne insitu O3
over the Front Range of Colorado —
underestimate O3 below 700mb
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Altitude (km) AGL
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Largest impact above 12km
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Altitude (k) AGL

Altitude (k) AGL
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RAQMS booo BAO RAQMS MODIS
AOD ASSIM vs
NOASSIM July 16-20,
2014
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Good qualitative agreement
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R Comparison of RAQMS with NASA P3
R during FRAPPE/DISCOVER-AQ

(Preliminary)

Systematic underestimate of HCHO and NO2 below 750mb
over Front Range of Colorado during July-August, 2014 —
does not resolve strong local urban and Oil and Gas sources
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RAQMS vs OMI Tropospheric NO2 July, 2014
RAQMS vs OMI Tropospheric HCHO July, 2014
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summary

= Data denial experiments using Aura OMI, TES, and MLS O3
and MODIS Terra/Aqua aerosol optical depth retrievals
demonstrate the utility of assimilating satellite measurements
for air quality applications — improved constraints on lateral
boundary conditions for regional AO models (Yates, et al. ACP,
2013, Huang et al, JGR, 2013, Fiore et al., EM, 2014)

= We intend to extend this capability to other OMI, MLS, and
TES (or AIRS) trace gas retrievals using state of the science
3D variational analysis approaches (GSI) to provide the air
guality community with a multi-year global chemical and
aerosol reanalysis using NASA Aura and A-Train
measurements.
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RAQMS HCI (ppbv)

RAQMS vs MLS HCI July, 2014
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